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[57] ABSTRACT

The apparatus comprises a circular turntable mounted
with its axis of rotation vertical and carrying at respec-
tive positions spaced around the peripheral region of

the turntable a plurality of specimen containing vials.
The turntable is driven by a stepping motor.

A rotor assembly 1s mounted coaxially with the turnta-
ble and comprises a central hollow shaft and a number

- of arms projecting radially from the shaft. A lamp is

situated within the hollow shaft and, by virtue of aper-
tures in the wall of the shaft opposite the lamp, pro-
duces radial beams of light which are received by re-
spective receivers on the arms of the rotor assembly,
after having been directly transmitted through, or scat-
tered by, the specimens in the vials as the rotor assembly
rotates. The output signals from the receivers, which
depend upon the intensity of received light, enable the
specimens to be investigated.

Preferably, the apparatus is used in the analysis of blood
specimens.

31 Claims, 6 Drawing Figures
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1

APPARATUS FOR USE IN INVESTIGATING
SPECIMENS

This is a continuation of application Ser. No. 710,356
filed Aug. 2, 1976, now abandoned.

This invention relates to apparatus for use in investi-
gating specimens.

According to one aspect of the invention there 1s
provided apparatus for use in investigating specimens,
comprising a carrier adapted to support a plurality of at
least partially radiation-transmissive vessels, each for
containing a specimen, means for advancing the carrier
stepwise in a predetermined direction, means for scan-
ning the vessels sequentially with each of a number of
beams of radiation, at least once for each vessel during
each dwell period of the carrier between successive
stepwise advancements of the carrier, and radiation
receiving means comprising a plurality of radiation
receivers arranged to receive radiation leaving the ves-
sels and emanating from respective ones of the beams of
radiation and arranged to produce output signals which
depend upon the intensity of the received radiation.

According to another aspect of the invention there is
provided a method of investigating a plurality of speci-
mens in respective vessels which are at least partially
radiation-transmissive and are supported by a carrier,
which method comprises the steps of advancing the
carrier stepwise in a predetermined direction, scanning
the vessels sequentially with each of a number of beams
of radiation, at least once for each vessel during each
dwell period of the carrier between successive stepwise
advancements of the carrier, receiving radiation leaving
the vessels and emanating from respective ones of the
beams of radiation, and producing output signals which
depend upon the intensity of the received radiation.

The beams of radiation may all be of the same wave-
length or wavelength band, or, in another arrangement,
at least two of the beams have different wavelengths or
wavelength bands from one another.

When the apparatus is for use in investigating liquid
specimens, it preferably comprises a carrier having a
rotational axis and having, or adapted to support, a
plurality of at least partially radiation-transmissive vials
or other vessels, each for containing a liquid specimen
to be investigated, in a circular array centred on the said
axis, means for rotating the turntable stepwise in the
peripheral direction thereof, a rotor assembly having a
plurality of radial arms and mounted coaxially with the
turntable, means for rotating the rotor assembly
through at least 360° during each dwell period of the
turntable, means for producing a plurality of radially
outwardly directed beams of radiation, which beams
are each associated with a respective saitd arm and are
arranged to co-rotate with said rotor assembly and to be
directed at each of the vessels in turn during each revo-
lution of the rotor assembly, a plurality of radiation
receivers mounted on the free ends of the arms and each
arranged to respond to a different radiation wavelength
band and to produce output signals which depend on
the intensity of radiation leaving the vessels and emanat-
ing from the associated beam of radiation, and computer
means for processing said output signals.

Generally, the radiation would be optical. By “opti-
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cal radiation” is intended to be understood radiation of 65

wavelengths greater than X-rays but less than micro-
waves, i.e. including infra-red and ultra-violet radiation
as well as visible radiation.

2

For a better understanding of the invention and to
show how the same may be carried into effect, refer-
ence will now be made, by way of example, to the ac-
companying drawings, in which:

FIG. 1 is a vertical sectional view of one form of
apparatus in accordance with the invention, forming
part of an automatic blood analysing machine,

FIG. 2 is a horizontal section showing a rotor assem-
bly of the apparatus, the section being taken along the
line II—II of FIG. 1 with a turntable of the apparatus
omitted,

FIG. 3 is an alternative embodiment in which an
assembly of lamps are positioned on the arms of the
rotor assembly, |

FIG. 4 is an alternative embodiment in which the

rotor assembly comprises a disc,
FIG. 5 is an alternative embodiment in which light
sources of different wavelengths are used, and
FIG. 6 is a sectional elevation showing a schematic
arrangement for electrically connecting the output of a

photo-detector and a computer.

The apparatus illustrated in FIGS. 1 and 2 may be
used for colorimetric, fluorimetric and turbidimetric
evaluation of reactions between samples of blood and
reagent(s). The apparatus comprises a stationary frame
1 (of which a part is shown) which carries rotatable
shaft support means in the form of a hollow vertical
trunnion 2. Extending coaxially inside the trunnion 2 1s
a hollow rotatable shaft 3 which is connected at its
upper end by a pulley and belt arrangement and a gear
box 13 to an electric motor 4 mounted on the frame 1.
The trunnion 2 is surrounded coaxially by a further
hollow rotatable shaft 5 which carries a horizontal car-
rier or circular turntable 6 near its lower end and is
connected near its upper end by a further pulley and
belt arrangement to a second electric motor 14, which 18
a stepping motor for causing a stepping or indexing
movement of turntable 6.

The centre of the table 6 is on the common axis of the
trunnion 2 and the shafts 3 and 5, and the table 6 has
about its periphery a plurality of equally-spaced vials 15
which may also be called cuvettes or vessels. These
vials may be fixed relative to the table 6 but they are
preferably removably fitted into notches in the table.
Each vial extends downwardly from the level of the
table into the interior of the frame 1.

The shaft 3 forms part of a second or photometer
carrier in the form of a rotor which also comprises a
rotor assembly 16 carried by the shaft 3. This assembly,
as is clearly shown in FIG. 2, comprises six arms 17
fixedly mounted on the shaft 3 for co-rotation there-
with. It could, though, comprise a circular disc 17" as
shown in FIG. 4. o

The apparatus incorporates an optical system or pho-
tometer means comprising a lamp 10, which is mounted
on the common axis of the trunnion 2 and the shafts 3
and 5 for co-rotation with the shaft 3, six equally spaced
apertures 7 through the wall of the shaft 3, these aper-
tures being opposite the lamp 10 and providing, in use,
six light beams which are above, and parallel to, the
arms 17 respectively, six optical devices 8 respectively
arranged on the arms 17, and six photodetectors 9 re-
spectively mounted at the free ends of the arms and
each forming part of an individual photometer. As can
be seen from FIGS. 1 and 2, the vials 15 are arranged in
the light paths of the various light beams. Each optical
device 8 serves to focus its light beam on the vials 15 as
they become positioned in the light path of the light
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beam and will generally include lenses for effecting
such focusing. The photodetectors 9 are generally radt-
ant energy or radiation detectors such as photomulti-
plier tubes or solid-state detectors and are provided
with different optical filters so that each photodetector
is arranged to respond to a different optical wavelength

or wavelength band. As is apparent, each light beam
from lamp 10 to the scanned vials 15 has a rectilinear

axis, and the light leaving each scanned vial travels
rectilinearly to a detector 9.

Finally, the arrangement of the apparatus is such that
during each dwell period of the table 6 between succes-
sive stepwise advancements of this table, effected by the
stepping motor 14, motor 4 drives the rotor assembly
through at least 360° of rotation.

When the blood analysing machine is in operation the
table 6 is rotated stepwise by the motor 14 past a dis-
pensing station {(not shown) at which a sample of blood
and a quantity of reagent (and possibly also diluent
and/or dye) are placed in a different vial during each
dwell pericd of the table 6 between successive stepwise
rotational advancements of the table. At the same time,
the motor 4 rotates the shaft 3 through at least one
revolution during each dwell period thus causing the
arm 17 to rotate so that each of the six beams of radia-
tion is directed at least once at each of the vials. The
light transmitted by the liquids in the vials is received by

10
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the photodetectors 9 which provide respective output

voltages each time that transmitted light i1s received.
The magnitude of the output voltages depends upon the
intensity of light received from the vials. The photode-
tectors are connected to a computer (FIG. 6) which
stores data representing the output voltages of the pho-
todetectors. In practice, it is more convenient to rotate
the motor continuously rather than for it to rotate only
during each dwell period of the table 6. Then, the com-
puter is arranged so as to sample data only during the
dwell periods. Furthermore, the computer is preferably
so arranged that if during dwell periods the shaft 3
rotates through a non-integral number of revolutions,
the computer accepts data only for the nearest integral
number of revolutions of the shaft, below the actual
number of revoluiions undergone.

In the circumstances, therefore, the illustrated appa-
ratus is used for colorimetric analysis of the blood sam-
ples. By making a slight modification, however, the
apparatus may be used for light-scattering or fluorimet-
ric analysis of the blood samples. The modification is
shown in broken lines in FIG. 1 and entails replacing at
least one photodetector § by a similar photodetector 9
whose input end is vertically below the vial and perpen-
dicular to the path of the light beam directed towards
the vial. A different colour filter 50, 58’ m FIG. 5 15
included in each photodetector §', so that the output
voltage of the photodetector depends on the intensity
with which light from the incident light beam in a se-
lected wavelength or wavelength band, predetermined
by the filter, is scattered.

In a modification, the lamp 36 is replaced by another
famp arranged on the axis of the shaft 3 near its top end
and fixed relative to the shaft 3. By the use of suitable
fibre-optic light guides which co-rotate with the shaft 3,
light from the lamp is directed, in uvse, dowawardly
along the common axis of the trunnion 2 and shafts 3
and 3, and then radially outwardly into the inlets of the
various optical devices 8. In another arrangement, the
optical devices could be positioned radially outwarcly
from ihe viais 5 and suifable fibre-optic light guides
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provided so as to direct the optical radiation emitted by
the lamp at the vials in the radially inward direction, the
photodetectors 9 being arranged to recetve the trans-
mitted light from the vials. For light-scattering a fluori-
metric analysis, however, the posttion of the photode-
tectors 9' would be the same as that illustrated in FIG.

1.
The lamp could be positioned near the lower end of

the shaft 3 and again provided with suitable fibre-optic
guides. Alternatively, each photodetector 9 or 9' could
be mounted on its respective arm at a position nearer the
axis of the shaft, for example at a position immediately
beneath the respective arm and adjacent the outer pe-
ripheral surface of the shaft 3, in which case the fibre-
optic light guides would extend over the full length of
the arms 17 and have their free endédirected radially
inwardly. The light guides may be replaced by a suit-
able system of mirrors or prisms. Although it 1s pre-
ferred for a single lamp to be employed in the optical
system, it would, alternatively. be possible for the appa-
ratus to include an assembly of lamps 10, 10” (F1G. 5)
for the respective arms of the rotor assembly as shown
in FIG. 3.

If the lamps 10, 10" all emit optical radiation in the
same wavelength band, the photodetectors respond to
different wavelengths or wavelength bands included
within the wavelength band of the emitted optical radi-
ation. In another arrangement, the lamps emit optical
radiation at respective wavelengths or in respective
wavelength bands, in which case each photodetector 1s
adapted to respond to the wavelength or wavelength
band of its respective lamp or it may respond to a wider
wavelength band. Whatever arrangement is employed,
data for each vial at the various wavelengths or wave-
length bands in question is obtained for each revolution
of the rotor assembly 16.

The wavelength or wavelength band of the beams of
emitted radiation and of the photodetectors may all be
identical, in which case six sets of data are obtained for
each revolution of the rotor assembly so that a mean
value for each vial may be determined.

Although it is preferred for each photodetector to
respond to a different wavelength or wavelength band,
it is alternatively possible for, for example, three of the
photodetectors to respond to one band and the other
three to respond to another band. Then, the mean value
of the output voltages of the photodetectors responding
to either wavelength band can be obtained for greater
accuracy.

I claim:

1. Apparatus for monitoring chemical reactions oc-
curring in a plurality of liquid or like sample substances
carried in a plurality of respective cuvettes whose walls
are at least to some extent capable of transmitting radi-
ant energy which comprises:

support means,

a rotor mounted on said support means for rotation

thereon on an axis,

a turntable mounied coaxially with the rotor for rota-

tion relative to said support means, and for holding
a plurality of said radiant-energy-transmissive cu-
vettes in a circular arrangement coaxially with said
axis,

first drive means for rotating the turntable on its axis

in a first program of rotation whereby the cuvettes
describe an annular path as the turntable rotaies.

second drive means for rotating the rotor on said axis

in a second program of rotation in which the number of
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total revolutions of the rotor for a given period of time
is greater than the number of revolutions of the turnta-
ble for the same period of time, and
photometer means including radiant energy source
means fixedly mounted on the rotor for rotation
therewith and defining at least one beam path for
radiant energy from said source means which ex-
tends at least through said annular path such that
the beam path includes and traverses at least a
portion of the sample substance which may be

5

10

contained in any of said cuvettes which intersects

such beam path during rotation of the turntable,
said photometer means including electrical signal
production means fixed on the rotor to rotate
therewith for responding to any radiant energy
projected along said beam path to produce electri-
cal signals as cuvettes intersect said beam path.

2. The apparatus as in claim 1 in which the beam path

is arranged radially and normally relative to the said
axis and at all times intersects said annular path de-
scribed by said cuvettes. |

3. The apparatus as in claim 1 in which the first drive
means rotate the turntable stepwise to provide a moving
period and a dwell period for each cuvette relative to a
fixed point of the support means. |

4. Apparatus as in claim 2 in which the photometer
means comprise a source of radiant energy as said
source means and at least one radiant energy detector,
the beam path being rectilinear from the source to the
detector.

5. Apparatus as claimed in claim 1 in which the radi-
ant energy source means comprise a single source at
said axis. )

6. The apparatus as claimed in claim 1 in which said
responding means comprise a plurality of photodetector
fixedly mounted on said rotor and circumferentially
spaced thereabout, each photodetector having structure
defining a beam path for radiant energy disposed radi-
ally relative to the axis of the rotor such that all beam
paths will extend through said annular path and the
cuvettes will intersect all of the beam paths as the rotor
rotates, each photodetector including independent
means responsive to its radiant energy beam to produce
electrical signals as the cuvettes pass through the beam.

7. Apparatus as claimed in claim 6 in which the drive
means rotate the turntable stepwise to provide a dwell
period and 2 moving period for each cuvette relative to
the support means. .

8. Apparatus as claimed in claim 7 in which at least
two of the photometers are constructed to be respon-
sive to incident radiant energy at different wavelengths.

9. Chemical reaction monitoring apparatus cOmpris-
ng:

cuvette carrier means,

photometer carrier means,

a plurality of photometers fixedly mounted on the
photometer carrier means and including an electri-
cal signal generating type of radiant energy detec-
tor for each photometer and source means of radi-
ant energy also fixedly mounted on the photometer
carrier means projecting an energy beam to each
said detector, said source means and photometer
detectors being thereby fixed relative to each other
and to said photometer carrier means for move-
ment therewith, |

the cuvette carrier means being adapted to carry at
least one radiant-energy-transmissive cuvette with
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a liquid sample contained therein to enable a condi-
tion of chemical reaction therein to be monitored,
means for moving both the cuvette carrier means and
the photometer carrier means in repetitious cycling
movements relative to one another so that each -
beam intersects and passes through said cuvette
once each cycle, and | | |
means responsive to the outputs of said detectors for -

acquiring usable data relating to said condition.
10. The apparatus as claimed in claim 9 including a
plurality of cuvettes spaced along said cuvette carrier
means and wherein each cuvette follows the identical
path as the cuvette carrier means moves, each cuvette
being intercepted by all of said beams once each cycle.

11. The apparatus as claimed in claim 10 in which the

movement of the cuvette carrier means is an indexing
movement while the movement of the photometer car-
rier means is continuous and at a substantially greater
speed than that of said cuvette carrier means.

12. Apparatus for use in investigating specimens com-

prising: | | o .

a rotatable carrier having a plurality of holders spac-
edly disposed on at least one annular path coaxial
with said carrier and adapted to support specimen
vessels that are at least partially radiation-transmis-
sive: | | |

means for rotating said carrier in a stepwise manner
to describe an annular path for said holders and to
effect dwell periods between stepwise rotations of
said carrier; and - -

means for sequentially scanning at least a predeter-

‘mined number of said specimen vessels with-a mul-

tiple of radiation beams between said stepwise rota-
tions of said carrier, the scanning means compris-
ing:

rotatable means mounted coaxially with said carrier
and including radiation source means fixedly

mounted on said rotatable means to rotate there-

with and being disposed centrally of said holders
for simultaneously directing a plurality of radiation
beams radially across said annular path at a level to

intersect specimen vessels when disposed in said
holders, |

a plurality of electrical signal generating type of radi-

ation detector means respectively for said beams
fixedly mounted on said rotatable means outside
said .annular path to rotate with said rotatable
means for detecting radiation of the respective
beam that has traveiled through a specimen vessel
held by a said holder for producing respective
electrical output signals in response to the intensity
of the detected radiation, and . _
means for rotating said rotatable means, source and
detector means substantially one complete rotation
during each said dwell period of said carrier.

13. Apparatus according to claim 12, wherein said
holders are disposed at respective positions substantially
equally spaced from the axis of rotation of the carrier
and distributed substantially uniformly about said axis.

14. Apparatus according to claim 12, wherein the
rotatable means includes a hollow rotatable shaft and
said radiation source means includes a radiation source
mounted centrally within said hollow rotatable shaft,
said shaft having apertures in its wall which are oppo-
site the radiation source so as to produce a number of
said radial radiation beams.

15. Apparatus according to claim 12 for use in carry-
ing out colorimetric analysis of a plurality of specimens,
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wherein each detector means is positioned on said rotat-
able means with its radiation sensitive part in alignment
with, and confronting, the associated beam of radiation
so as to receive radiation which is directly transmitted
through the specimens in the vessels.

16. Apparatus according to claim 12 for use in carry-
ing out light-scattering or fluorimetric analysis of a
plurality of specimens, wherein each detector means is
positioned on said rotatable means with its radiation
sensitive part directed substantially perpendicularly

with respect to the associated beam of radiation so as to
receive radiation from the vessels produced by scatter-
ing or fluorescence.

17. Apparatus according to claim 12, wherein the
beams of radiation are all of the same wavelength or
wavelength band.

18. Apparatus according to claim 12, wherein at least
two of the beams have different wavelengths or wave-
length bands from one another.

19. Apparatus according to claim 18, wherein all the
beams have different wavelengths or wavelength bands.

20. Apparatus according to claim 12 said radiation
source means produces optical radiation and wherein
each detector means comprises:

a photodetector that is arranged to produce output
signals in response to the received intensity of said
optical radiation; and

a color filter arranged on the optical path to the pho-
todetector to prevent optical radiation outside the
wavelength band of the filter from reaching the
photodetector.

21. Apparatus according to claim 20, wherein at least
two of the wavelength bands associated with the filters
are different.

22. Apparatus according to claim 21, wherein the
wavelength bands associated with the filters are all
different.

23. Apparatus according to claim 20, comprising
computer means arranged to correlate the output sig-
nals from the photodetectors with the instantaneous
angular position of the said rotatable means about the
axis of rotation thereof.

24. Apparatus for use in investigating specimens com-
prising:

10
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35

a rotatable carrier adapted to support a plurality of 45

specimen vessels that are at least partially radia-
tion-transmissive;

means for rotating said carrier in a desired manner;

means for establishing successive periods during op-
eration of said rotating means for investigating said
specimens; and |

means for sequentially scanning at least a predeter-
mined number of said specimen vessels with a mul-
tiple of optical radiation beams concurrently with
operation of said carrier rotating means, the scan-
ning means comprising:

a rotor comprising a shaft that is mounted coaxially
with the carrier,

a plurality of optical radiation sources fixedly
mounted on said rotor and arranged to direct
respective radiation beams from said radiation
sources towards the specimen vessels,

a plurality of detector means fixedly mounted on
said rotor, each of said detector means corre-
sponding to a respective one of said radiation
sources, for separately detecting radiation which
has travelled along respective optical paths
through said specimen vessels and for producing

50
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output signals in response to the intensity ot the

detected radiation, and
means for rotating said rotor at least one complete
rotation during each of said investigating periods
such that each of said radiation beams 1s directed
at desired specimen vessels at least once during

each said period.

25. Apparatus as in claim 12, said radiation source
means being on substantially the same level as said de-

tector means.
26. Apparatus as in claim 12 or 25 wherein said radia-

tion source means includes respective radiation sources
for said plurality of detector means.

27. Apparatus as in claim 12 wherein said rotatable
means includes a plurality of radial arms on which said
detector means are respectively mounted.

28. Apparatus as in claim 12 wherein said rotatable
means includes a disc on which said detector means are
mounted.

29. Apparatus for use in investigating specimens,
comprising:

a first carrier adapted to support a plurality of at least
partially radiation-transmissive vessels, each for
containing a specimen,

means for advancing the first carrier at least intermit-
tently to effect an overall movement of the first
carrier such that supported vessels will in sequence
traverse the same predetermined path,

a second carrier arranged for movement relative to
the first carrier, |

a radiation emitting system including at least one
radiation source fixedly carried by the second car-
rier to move therewith,

means also fixedly carried by the second carrier for
forming radiation emitted by said system into at
least one beam,

means for effecting a cyclic movement of the second
carrier while said overall movement of the first
carrier is being brought about, the cyclic move-
ment being such that said beam will during each
cycle sweep along at least a portion of said path
within which a plurality of the vessels may be lo-
cated and such that a plurality of cycles will occur
while any given vessel is traversing said portion of
said path, and

detecting means comprising an electrical signal gen-
erating type of radiation detector fixedly carried by
the second carrier to move therewith for receiving
radiation which leaves any specimen contained in
one of the vessels as a result of said beam sweeping
across that vessel as it sweeps along said portion of
said path and generating electrical signals corre-
sponding to the received radiation, .

30. Apparatus as in claim 29 wherein said path 1s

endless.

31. Apparatus for use in investigating specimens,
comprising:

a turntable adapted to support a plurality of at least
partially radiation-transmissive vessels, each for
containing a specimen, at respective positions sub-
stantially equally spaced from the axis of rotation
of the turntable,

means for advancing the turntable at least intermait-
tently to effect an overall rotation of the turntable
about said axis so that supported vessels will 1n
sequence traverse the same annular path,

a rotor arranged for rotary movement about said axis
relative to the turntable,
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a radiation emitting system including at least one
radiation source fixedly carried by the rotor to
rotate therewith,

means also fixedly carried by the rotor for forming
radiation emitted by said system into at least one
beam,

means for effecting a cyclic rotary movement of the
rotor about said axis while said overall rotation of
the turntable is being brought about, the cyclic
movement being such that said beam will during
each cycle sweep along at least a portion of said
path within which a pluralty of the vessels may be
located and such that a plurality of cycles will
occur while any given vessel 1s traversing said
portion of said path, and

detecting means comprising an electrical signal gen-
erating type of radiation detector fixedly carried by
the rotor to rotate therewith for receiving radiation
which leaves any specimen contained in one of the
vessels as a result of said beam sweeping across that
vessel as it sweeps along said portion of said path
and generating electrical signals corresponding to
the received radiation.

32. Apparatus according to claim 31 in which the
radiation emitting system and the beam forming means
are arranged so that said beam has a rectilinear axis
between the radiation emitting system and said path,
and said detector is disposed so so that said radiation
which it is arranged to receive is radiation which travels
rectilinearly from a specimen contained in one of the
vessels.

33. Apparatus according to claim 32 in which the axis
of said beam extends radially and perpendicularly with
respect to said axis of rotation.

34. Apparatus according to claim 31 in which the
beam forming means is arranged to form the radiation
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emitted by said system into a plurality of separate beams

which will intersect said path at different locations, said
cyclic movement being such that said beams will during
each cycle sweep in turn along said portion of said path,
and the detecting means comprises a plurality of radia-
tion detectors fixedly carried by the rotor and respec-
tively corresponding to said beams, each detector being
arranged to receive radiation which leaves any speci-
men contained in one of the vessels as a result of the
corresponding beam sweeping across that vessel as it
sweeps along said portion of said path.

35. Apparatus according to claim 34 in which at least
two of said detectors are respectively arranged to re-
ceive radiation of different wavelengths or wavelength

bands.
36. Apparatus according to claim 35 in which said

wavelengths or wavelength bands are selected by
means of filters respectively associated with the detec-

tors.
37. Apparatus according to claim 35 in which at least

two of said beams have different wavelengths or wave-

length bands from one another.
38. Apparatus according to claim 34 in which the

radiation emitting system comprises a single light
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source disposed centrally with respect to said axis of
rotation.

39. Apparatus according to claim 38 in which the
light source and the beam forming means are arranged
so that each beam has a rectilinear axis between the
source and said path.

40. Apparatus according to claim 39 1n which the axis
of each beam extends radially and perpendicularly with
respect to said axis of rotation.

41. Apparatus according to claim 40 in which the
light source is mounted within a hollow shaft forming
part of the rotor and having an axis coincident with said
axis of rotation, the shaft having apertures formed in 1is
wall at positions which are in register with the light
source along the length of the shaft.

42. Apparatus according to claim 39, 40 or 41 In
which at least one of said detectors 1s disposed so as to
receive directly light which is transmitted through any
specimen contained in one of the vessels as a result of
the corresponding beam sweeping across that vessel as
it sweeps along said portion of said path.

43. Apparatus according to claim 39, 40 or 41, in

which at least one of said detectors is disposed so as to

receive directly light which travels from any specimen
contained on one of the vessels substantially perpendic-
ularly to the axis of the corresponding beam as a result
of that beam sweeping across that vessel as it sweeps
along said portion of said path.

44. Apparatus according to claim 38 in which each of
said detectors 1s provided with an associated optical
filter effective to cause the detector to respond only to
light in a selected wavelength band.

45. Apparatus according to claim 44 in which the
selected wavelength bands for at least two of said detec-
tors are different from one another.

46. Apparatus according to claim 31 in which the
advancing means is operative to effect a stepwise rota-
tion of the turntable.

47. Apparatus according to claim 46 in which the

rotor is arranged to rotate about said axis of rotation
continuously and unidirectionally at a speed such that at
least one complete revolution of the rotor occurs for
each step of the turntable rotation. |

48. Apparatus according to claim 46 or 47, further
comprising means for deriving data from said detecting
means only durmg the dwell periods of the turntable
between successive steps of its rotation.

49. Apparatus according to claim 34 in which the
advancing means is operative to effect a stepwise rota-

tion of the turntable.
50. Apparatus according to claim 49 in which the

rotor is arranged to rotate about said axis of rotation
continuously and unidirectionally at a speed such that at
least one complete revolution of the rotor occurs for
each step of the turntable rotation.

51. Apparatus according to claim 49 or 50, further -
comprising means for deriving data from said detecting
means only during the dwell periods of the turntable

between successive steps of its rotation.
* %k % % %
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